The purpose of this study was to examine longitudinally psychological distress and its correlates in mothers and fathers of children who undergo SCT, up to 2 years post SCT. A total of 111 parents of patients diagnosed mainly with leukemia completed standardized measures of depression and anxiety symptoms as indicators of psychological distress, 85 at 1 year pre-SCT and 81 at 2 years post SCT. Parents' age and gender, child's age, diagnosis, radiation history, behavior and physical health were examined as potential related factors. Linear mixed models for repeated measures with appropriate covariance structure were used in the analysis. Depression and anxiety scores significantly decreased by 2 years for mothers and fathers. Mothers reported significantly more depression symptoms than did fathers, but reported comparable symptoms of anxiety. Pre-SCT depression and anxiety scores, mother's age (younger), child's behavior problems, radiation history and diagnosis of neuroblastoma predicted maternal distress 2 years post SCT; pre-SCT depression and anxiety scores, father's age (older) and child's diagnosis predicted father's distress. This study highlights differences and similarities in mothers' and fathers' psychological distress and identifies related risk factors. The results can guide interventions for mothers and fathers whose children undergo SCT based on their pre-SCT psychosocial risk.
Introduction
Although the medical outcomes for children who undergo BM transplantation or SCT continue to improve, mortality rates associated with SCT 1-year post transplant and related complications remain high. 1 Parents of children who undergo SCT have often experienced high distress related to the child's previous treatments. The prospect of another demanding but potentially life saving treatment such as SCT may increase their distress. 2 This investigation focused on maternal and paternal psychological distress before, and 1 and 2 years after a child undergoes SCT.
A recent review of the psychosocial experience of parents of children with cancer identified some gender differences in parental roles with greater psychological difficulties in mothers. 3 Little is known regarding psychological distress for parents, particularly for fathers, whose children undergo SCT. [4] [5] [6] [7] A small cross-sectional study suggested that mothers of children who undergo SCT experience greater distress than fathers. 6 Retrospective studies suggest that parental distress is highest before the transplant. [8] [9] [10] Short-term longitudinal studies confirm elevated distress before SCT, which declines 6 months post SCT, [11] [12] [13] but there are exceptions. 14 Parents interviewed 1-10 years post SCT expressed concerns about disease recurrence and their own health. 15 A small percentage of mothers have been diagnosed with major depression, posttraumatic stress and generalized anxiety 18 months post SCT, with younger mothers presenting the highest symptoms at pre-SCT. 16 The longitudinal studies addressing parental distress after SCT are mainly for mothers. [17] [18] [19] [20] [21] In summary, the current literature is inconclusive regarding parental gender differences and psychological distress, and related factors after pediatric SCT. This may be due to reports based on small samples, different assessment tools and follow-up period. More longitudinal studies are needed to better understand mothers' and fathers' psychological distress and related factors after pediatric SCT. 7 This longitudinal study examined maternal and paternal psychological distress, measured by symptoms of depression and anxiety, before, and 1 and 2 years post SCT. These measures were used successfully in our previous work with this population and with parents of children with cancer. 13, 22 Guided by the multivariable model for the impact of chronic illness in the family we adapted in our previous work [22] [23] [24] and current empirical evidence with parents facing pediatric cancer and SCT, 3, 7, 13, 22 we also examined the association between parental psychological distress and parental age; disease (diagnosis) and treatment variables (radiation history), and child's age, health status and behavior. Again, based on previous reports on mothers facing childhood cancer, 12, 13, 18, 19, 21 we hypothesized that (a) psychological distress will decrease over time for both mothers and fathers; (b) mothers will report more distress than fathers; (c) younger parents will report greater distress, and given that mothers are typically the primary caregiver; (d) child's disease, treatment, health status and behavior will have greater impact on maternal than paternal outcomes.
Materials and methods

Participants, recruitment and design
This study is part of a larger longitudinal study investigating child 23, 24 and parental psychological and quality of life outcomes 13 after SCT. Parents of children who were over 3 years of age and scheduled to have a transplant with BM or blood stem cells in a large pediatric hospital were eligible to participate. Parents were fluent in written and spoken english. When there were two parents in the family, both were invited to participate. Following approval by the Hospital's Research Ethics Board, potential participants were invited to participate. Parents completed the same instruments 1 and 2 years post SCT.
Outcome measures
To measure psychological distress we used the Beck Depression Inventory 25 and the State-Trait Anxiety Inventory, 25, 26 two standardized and brief measures that are widely used to assess psychological distress. The Beck Depression Inventory is a self-administered standardized 21-item questionnaire designed to measure depression symptomology. Its concurrent validity compared with other depression measures, ranges from 0.76-0.66. 27 The State-Trait Anxiety Inventory consists of two separate selfreport scales, 20-items each, 25, 26 which are highly correlated 13 . Only the State-Anxiety Inventory was used in this study to reduce parental burden. Concurrent validity comparing State-Trait Anxiety Inventory with other anxiety measures ranges from 0.85-0.73. 25 Both measures are highly sensitive to changes experienced by individuals in real-life stressful situations. 25, 27 Measures of related factors The Child Behavior Checklist 28 for ages 4-18 is a standardized parent-completed questionnaire 28 consisting of 112 items. Ratings are summed to obtain total, internalizing, and externalizing scores for the behavioral scale. Test-retest reliability ranged from 0.89-0.93; adequate validity compared with other measures has also been reported. 29 Total behavioral score was used in this study because of its known association with maternal adjustment to childhood cancer. 22 The Child Health Questionnaire (CHQ-PF50) 30 is a 50-item parent-report version that is well validated across various health conditions (0.85-0.89). It provides two summary scores, physical and psychosocial, and several subscales. The physical summary score (PHYS-C) reported by the mother was used in this study as a measure of the child's physical health. These measures were used to assess child outcomes in earlier studies. 23, 24 The following demographic, disease and treatment variables were obtained: child's age and gender; parents' age, gender and education pre-SCT; child's diagnosis (ALL, other leukemias, neuroblastoma, other solid tumors and other blood disorders), radiation history (none, TBI, TBI plus cranial radiation (CRT)), time since diagnosis and presence or absence of GVHD.
Statistical analysis
Descriptive statistics were calculated for the outcome variables and related variables. Scores for this sample at pre-SCT were first compared with the scores from a historical cohort of mothers of children newly diagnosed with cancer from a sample with similar demographic characteristics. 22 Multivariate Analysis of Variance were conducted using depression and anxiety scores, time of assessment (pre, and 1 and 2 years post SCT) and parent (mother and father) followed by Analysis of Variance for each variable. Linear mixed model maximum likelihood estimation for repeated measures and covariance structure were conducted to examine changes over time and related variables. The covariates of interest were parent's age, child's behavior and health status at pre-SCT, diagnosis, radiation history and time of assessment. Time since diagnosis, child's age, gender and GVHD were examined exploratorily. The first models included data from the three assessment points, the second models only included pre-SCT and 2 year post SCT data to determine pre-SCT predictors of outcomes 2 years post SCT. Before linear model analysis for data reduction, bivariate analyses were conducted for the outcomes (depressive and anxiety scores) and covariates of interest. We also tested for co-linearity. Post-hoc multiple pair-wise analyses were conducted using Tukey-Kramer's adjustment. When there was a significant effect of parents' age the data were converted into categorical variables to determine specific differences using p30 and X30 years of age. Finally, to determine clinical significance, effect sizes (ESs) were calculated with an ES X0.5 considered of clinical significance. 31 A P-value p0.05 was considered statistically significant. These analyses were conducted using SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
Recruitment and sample characteristics
At pre-SCT assessment, 111 parents (84% response rate) participated, 69 mothers and 42 fathers. Six families (5%) did consent after deterioration of child's health and three (2.5%) did not undergo SCT. A total of 49 mothers and 35 fathers completed measures at 1 year post SCT, and 49 mothers and 31 fathers at 2 years post SCT. Table 1 presents the sample characteristics. Parental age ranged from 22-58 years. More than 60 percent of the parents had at least 2 years of university education. Eighty-nine percent were a two-parent family, from a middle-class socioeconomic background (61.4% level II, 16.7% level III) 32 and mainly white (72%). The mother was the primary caregiver (99%). The majority of the children were diagnosed with ALL (24%), other leukemia types (that is, AML, CML; 22%), or neuroblastoma (23%). Sixty-nine percent of the children were scheduled for an allogeneic transplant (63% related). Table 2 ). Pre-SCT predictors of maternal psychological distress at 2 years post SCT After a preliminary bivariate analysis, the linear model for depression scores including child's diagnosis, child's behavior scores and mother's depression scores pre-SCT indicated that mothers' depression scores pre-SCT (F 1, 42 ¼ 64.60, Po0.0001) and the child's diagnosis (F 1, 42 ¼ 3.60, P ¼ 0.0130) significantly predicted mothers' depressive scores at 2 years post SCT. Pair-wise analysis showed higher depressive scores for mothers whose children were diagnosed with neuroblastoma compared with mothers whose children were diagnosed with blood disorders (t 42 ¼ 3.39, P ¼ 0.0126, ES ¼ 0.52), a moderate ES (see Figure 2 ). Similar analysis for mothers' anxiety scores indicated that maternal anxiety scores pre-SCT (F 1, 43 ¼ 8.60, P ¼ 0.0054) and age (F 1, 43 ¼ 4.76, P ¼ 0.0346) predicted maternal anxiety scores 2 years post SCT, suggesting that having high-anxiety scores at pre-SCT and being a young mother place mothers at high risk for anxiety symptoms 2 years post SCT.
Comparisons with reference group
Changes over time and parental differences
Pre-SCT predictors of paternal psychological adjustment at 2 years post SCT Except for pre-SCT depression scores (t 28 ¼ 3.68, Po0.001, ES ¼ 0.70), a large ES, none of the other factors were found to be associated with fathers' depression scores 2 years post SCT. Finally, father's age (t 30 ¼ 2.67, P ¼ 0.0120, ES ¼ 0.49), a medium ES, was found to be associated with 2-year post SCT anxiety scores, indicating that older fathers, in general, reported more anxiety than younger fathers.
Discussion
This longitudinal study provides important information differentiating psychological distress, measured by symptoms of depression and anxiety, between mothers and fathers and identifying unique factors associated with these outcomes up to 2 years post SCT. As predicted, mothers in general presented with more depressive symptoms than fathers throughout the 2 years post SCT, although only a small percentage of mothers (none of fathers) reached clinical levels. Moreover, at pre-SCT mothers' scores were comparable with those of mothers of children newly diagnosed with cancer. 22 Given that mothers were the primary child caregivers, this finding may raise concerns for both the mother and the sick child, as parents with depressive symptoms are likely to become less responsive to their children's needs. 33 However, the large majority of mothers reported relatively low levels of depressive and anxiety symptoms, supporting previous findings of the low prevalence of maternal psychopathology in this population.
19 Thus, the relatively higher level of depression symptoms in mothers, compared with fathers, is unlikely to have a major negative impact on the child's wellbeing. Moreover, the decline in mothers' and fathers' depressive and anxiety symptoms over the 2 years post SCT suggests that the elevations in pre-SCT scores were primarily related to the medical crisis. Having comparable anxiety symptoms throughout the 2 years post SCT suggests that the experience of having a child treated with SCT similarly affects both mothers and fathers. Comparable distress in mothers and fathers when caring for children with cancer has been previously reported. 34 The current study provides the first solid evidence of the specific impact of pediatric SCT not only on mothers' but also on fathers' psychological distress. Moreover, this study identified high-risk subgroups of mothers and fathers based on analysis of factors associated with psychological distress. Consistent with previous findings with mothers of children newly diagnosed with cancer, 22 in this study the child's behavior scores at pre-SCT along with child history of cranial radiation and a diagnosis of neuroblastoma, predicted maternal psychological distress. As the primary caregiver of the ill child, mothers typically interact directly with the medical team and discuss treatment decisions for the child. In this context, the child's behavior difficulties and medical issues combined may place mothers at risk for psychological distress.
The effect of father's age on their symptoms of depression-direct and moderating the effect of child's diagnosis, with older fathers reporting more distress than the younger fathers, except for fathers of children with other leukemias-was surprising. Perhaps older fathers spend more time caring for the ill child than younger fathers, which resulted in higher distress. This interpretation is based on anecdotal reports but needs to be empirically validated in future research.
When examining only pre-SCT factors as potential predictors of parental psychological distress 2 years post SCT, the pre-SCT depression and anxiety scores for mothers and fathers, and parental age for anxiety scores emerged as additional predictors of distress 2 years post SCT. The direction of these associations for anxiety symptoms in mothers and fathers, however, differed: high anxiety scores were more likely in younger mothers and older fathers. There may be different mechanisms involved regarding the role of age for mothers and fathers. Maternal age (younger) has been previously identified as a risk factor for psychopathology in this population. 16 Young mothers who care for very ill children may have limited personal and external resources to address the multiple stressors related to their child caring role, which may increase their risk for psychological distress. In contrasting, older fathers who, before the child's illness, may have been less involved in childcare than mothers 3 may cope differently than mothers when taking child-caring responsibilities. They may focus more on the disease and treatment factors than mothers, possibly seeking treatment answers from other sources such as the internet, which may result in higher distress. This postulation is supported by research on parental coping strategies, which suggest that fathers of children with cancer in general tend to focus more on problem-focused strategies than mothers when caring for a child with cancer. 35 Several limitations need to be considered in this study. The attrition rates over time reduced the sample and statistical power. The number of fathers was relatively smaller than mothers, a common fact when mothers are the primary caregivers. The small sample also prevented analysis of other familial risk factors and other outcomes such as parental post-traumatic distress disorder and perceived child vulnerability. 36 The sample was primarily white, english speaking and came from a single treatment center, which may reduce generalizability. The results of this study, however, may represent an underestimation of the severity of parental distress in this population, given that families who are experiencing more psychosocial distress are less likely to participate in research. 29 Despite these limitations, the longitudinal design of the study, the differential findings on psychological distress of mothers and fathers, and the identification of unique risk factors associated with distress post SCT represent important contributions to the field. Finally, knowing how mothers and fathers are differentially affected psychologically by the pediatric SCT experience is essential to develop and implement appropriate psychosocial interventions for mothers and fathers.
